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HE SOVIET YAK-11 ATRPLANE
FURPOSE
A, To determine the physical characteristics of a modern YAK-11 airplane.
B. To report changes found in the modern YAK-11 by compsring an earlier model
ﬁcg/z;? examined by the .British in early 1949 and reported in ADI Tech Paper

. .Ce To prepare a brief analysis of the Soviet capabilities in the production of
the YAK-11. - _ ' . '

D. To wei.éii\.the airplane and components and prepare a weight statement.,:
FACTUAL DATA

The YAK-1l was a Hungarian aircraft which crash landed near Siegenburg, Germany,
on 2l February 1952, This aircraft was inspected by an ATIO team in April 1951. An

Air Intelligence Information Report, AF No, 302233, and Crash Report, NAD-327L0, were
written by the above group. The aircraft components were disassembled, examined, and

~ replaced by the above team since the Hungarians requested the return of the airplane.

Negotiations were undertaken for its return but it was finally relinquished to the
USAF, The aircraft was received by the Air Technical Intelligence Center on 30 Octo-
ber 1951, from USAFE. Interrogation of the Hungarian pilots revealed that the air-
plane waz fabricated in the Soviet Union during 1950 and the final assembly of six
components was accomplished in Budapest, Hungary, in November 1950,

In making the crash landing, the Hungarian pilots damaged the lower cylinders of
the engine, the propeller, propeller hub, the leading edge of the right wing, the oil
cooler ducting, and the engine mount ring forward of the firewall. :

The Air Technical Inteiligence Center examined and disassembled the aircraft to
perform a detailed analysis. Since this report was primarily concerned with material
and component analysis, a performance section was not included within, '

DISCUSSION

The YAK—iJ.. is.a single engine, tandem seat, low wing monoplane with conventional
retractable main landing gear, fixed tail wheel and a single fin and rudder, This

aircraft is normally used for training and is a counterpart of the USAF T-5 aircraft,
It is built by the Soviets and used by their oun and their satellites air forces.

The fuel is carried in two main wing tanks of 173 liters (L5.7 gal) each and a small
sump tank of 13,5 liters (3.6 gal). ‘ ' ‘
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Power loading Normal
¥ing Loading - Bomber

Power Lbad:l.ng Bomber

ATIC Technical Report No. m-Ac-J.G
Pags No. vi
Wing Span 30t 10"
IWS.'ng Area . 165.7 sq £t
2 :
Aspect Ratio b€ o 0e2 = 5,74
3 &5‘? ¢
Length ‘ S 27 1t
Engine - Model . ASh-2) 7 cylinder radial air
coolec} engine
Take-off Rating 690 HP
Take-off RPM : 2300 RPM
Total Fuel Capacity ' 95 gal
‘Total 0il Capacity 10 gal
Weight Empty - 38124
Gross Weight - Full mel, '
0il, and Ammo (No Bombs) 5055#
Gross Weight - Full Fuel,
0il, and Ammo, Plus 2-110# '
(Bombs) . 5215
Wing Loading Normal %? . ”bs#/ﬁz
‘ 185.7

55, 1.3/

%{,&7 = 3L 8/e42
e . T

General improvements over earlier constructed aircraft which were previously:
examined are: the fuselage is partly covered by metal replacing plywood, the use of
a flusk mounted iron core antenna replacing the iron loop type, new instruments are
incorporated into the pilots and copilots instrument panel, and provisions for a new

gun sight computing system is used.
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The wing is constructed in two panelsexcept for the detachable wing tips. It is
a conventional two spar and rid coastruction with a metal stressed skin which is flush
riveted. The ailerons are metal frames with a fabric covering. The flaps extend from
the fuselage outboard to the ailerons. They are a split type with mechanical up locks
linked to the pneumatically actuated push pull tube. The above locks are spring
loaded locking the flaps in the wp position. :

Hinged metal inspection panels on both sides of the fuselage permit easy access
to the controls and lines in both cockpits. _ ,

The main landing gear is a conventional type and retracts inward, In the
retracted position this gear is housed in front of the main spar. The operation of
extending, retracting and wheel bralking is accomplished by pneumatic power, A

‘mechanical up lock keeps the gear in the retracted position. The self-locking actu-
ating cylinder and the geometri: lock formed by the side brace in the extended posi-
tion act as a positive downlock. A mechanical indicator which moves vertically
through the wpper surface of the wings is a visual check for landing gear position,
The tail wheel is free to caster when the control stick is pushed forward. The
mechanical lock may be engaged by pulling back on the control stick.

A1l of the aluminum alloy sheet materials were equivalent to 17s alclad, In
general, the sheet was fjne-grained, good quality material with normal solution heat-
treated structures. All sheet stock in addition to being alclad was anodized and
chromate sealed. Extrusions were also of 17s type material; rivets were equivalent
to Al7s, The forgings were approximately the same as U, S. 1lis alumimum used in the
soluti.gndhe_at-treated and artificially aged condition; wide variation in-grain size
was noted, :

All of the low alloy steel samples from the airframe were of the 1% chromium, 1%
manganese, and 1% silicon type varying only in carbon contént. This steel was used
for fuselage structural tubing and engine mount, as well as highly stressed nuts and
bolts. This type of steel called "Chromansil" is used widely in Soviet aircraft,
€. g., MIG-15, and IL-10. TIts chief adventage is its low critical .alloy content; the
disadvantages being its temper brittlencss and low hardenability, Stainless steel
similar to AISI321 was used in the engine cowling and the exhaust duct 5 the quality
was satisfactory. Although the quality of weldments varied, they were considered
sdequate {gr the purpose-intended. '

The practice of using welded tubular fuselage structure is considered obsclete
. by American standards but is an advantage in the Soviet aircraft industry. The wing
spars are built-up sections. ’ :

In general, the plastic materials were largely used in non-critical applica-
tions. The bakelite, nmitrocellulose, and transparent materials examined were adequate
to do the job for which they were intended. A practice not acceptable to U, S, stan-
dards was the use of a flammable plastic for a main fuel line transfer hose cover,

DJ,ring the analysis of the rubber parts four types were identified: natural,
polybutadiene, butadiene-styrene, and neoprene. Polybutadiene, used for the fuel
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transfer hose and an oil hose, is considered to be a..p’oor choice because this type is
not fuel resistant; neoprene used to some extent would have been a better material,

‘although inferior to Buna N, Butadiene-styrene (Buna S) rubber was used for wire

insulation; this is considered a good choice of materials.

The ASh-21 engine is installed in a conventional manner but incorporates movable
shutters on the nose section of the engine for comtrolling the air cooling inlet .

diameter. , — . -

et

" From a manufacturing standpoint the most critical powerplant parts are gears,
cylinder heads, and crankcase main sections. The gears had been ground with a Ma.ag
gear tooth grinder. The employment of a Maag gear tooth grinder has several advan-
tages which are as follows: durability of the precision gears is snhanced through
more effective lubrication, the probability of scrap during mamufacture is decreased
since it is less likely that the tooth surfaces will be burned during the grinding
operation, ' :

In the ASh-21 counterpart of the Wright Cyclone 7, the casting method of fabri-
cation of the cylinder heads was employed in favor of forging. This may be con-
sidered to impose an optimum limit on engine power-potential. The same may be said
for the employment of aluminum alloy instead of steel in the crankcase main sections.

* The armament of the YAK-11 consists of one fixed 12.7mm Berezina machine gun.
This machine gun is mounted to the left of the ¢ .cer line of the aircraft beneath
the front fuselage panel. The Berezina is synchronized to the engine and fires
forward through the propeller arc. The gun and sight head were missing from this air-
craft. The coamponent parts of the fire control system are similar to those used in

a computing sight. Provision for carrying 2-110 or 220# bombs is provided by a bomb .
shackle on the underside of each wing. There was no provision for armor protection
for the pilots since it is a training craft.

The radio navigation equipment consists of an RPK~10M Direction Finding Receiver
with a iron core, stationary, loop antenna flush mounted in the top of the fuselage
behind the rear cockpit. The communication equipment consists of an RSI-6M-1
Receiver, RSI-6K Transmitter and Interphone Amplifier. A wire antenna extending from

- a mast at the rear of the cockpit to the vertical stabilizer services the High Fre-

quency Transmitter, High Frequency Receiver and the Direction Finding Receiver.

The electronic equipment has been removed from the YAK-11 airplane;.installed

first in an operational YAK-9P Soviet lane and is pre e
U. S. fighter plape. p & presently being installed in a

One of the purposes of this installation is to test the rlight operational per-

formance of the equipment and although the tests are not at ‘
indication of expected result; have been obtained, °% # present complete, some
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In these preliminary tests, operational range tests of air~to=-ground communica-
tions were made employing a Type BC-610 transmitter and a Hammarlnnd Swper-pro
receiver as the ground station, i :

The cockpit arrangement is compact, simple, and similar to the YAK-9?, The
front instrument panel contains more instruments than the rear panel. A few of the
controls and instruments are duplicated in the rear cockpit. The airceralt must be
flown by a pilot from the front cockpit., A bucket type seat with belt and shoulder
strap attachment is used. Forward and aft vision from the front coclpit is goods No
provision is made for cockpit heating. Front cockpit ventilation is accomplished by
means of an air scoop at the base of the front windshield which is controlled by
turning a knob to the right of the sight mount, Rear cockpit ventilation is also
accomplished by an air scoop. This scoop is located on the right side of the fuselage
beneath the canopy guide rails, A lever on the right side of the cockpit controls the
opening and closing of the scoop. The control stick of the front zockpit contains a
bomb release button on top, a trigger switch, and a brake handle. The brake handle is
employed to meter air to the brake selected by the position of the rudder bar,

The engine controls are located on the left hand console which is the same as
USAF practice in fighter aircraft. The rear cockpit control stick contains a button
at the top of the pistol grip which the instructor may use to keep air from entering
the brakes or bleed air from the brake system. This safety feature prevents the
student from ground looping the aircraft.

The TAK-1l employs a pneumatic system for actuation of the landing gear, flaps,
brakes, engine starting, shutters, gun chargers, and firing units. The source of air
includes normal and emergency air storage tanks. The pressure in these tanks is
maintained by ‘an engine driven air compressor, Provisions are made for using an
external source of air on the ground. The ground filler is located on the left side

‘of the fuselage under the aft inspection panel.

Plastic materials were found where its application was not critical and the
choice of material could be dependent upon availability or ease of forming.

CONCLUSIONS

The airplane is well designed structurally and aerodynamically resulting in a
maximum movement of the c. ge of 2.3 inches for the worst load condition studied.

The air starting system employed is a positive simple method for starting the
alrcraft engine, The pneumatic system is also simple, effective, accessible, and
easily maintained, The YAK-1l pneumatic system incorporates filters but no desicca-
tors for processing the air supplied to the system. For cold weather operation the
pneumatic system encounters no added difficulties.
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Satisfactory two-way daytime commnication was maintained with the test'plane at
an average distance of 85 miles from the ground station. The ground station could be
heard at a range of 200 miles on the RSI-Oi-1 receiver,

For homing purposes the RPK0-10M equipment compared favorably with the standard
U. S. AN/ARN-6 radio compass installation during preliminary flight tests. In some
instances, greater homing ranges were possible with the RPKO-10M than with AN/ARN-S
equipment., In addition, the pilot expressed a definite preference for the Soviet
equipment because of the simplicity of operation, and excellent visual homing pre-

. gentation even at maximum ranges. The Soviet equipment has also demonstrated its

ruggedness and reliability, having required no maintenance whatever since it was -
received. :

Gumery training is probably conducted in this aircraft in order to familiarize
the pilot with a gyro stabilized computing gun sight prior to his being assigned to
jet type alreraft.

Aluminum alloys, low alloy steel, stainless steels, and resistance welds were all
of good quality, adequate for the purpose intended, A major fire hazard was intro-
duced when flammable cellulose materials were used in the mamufacture of 2 fuel hose.
The cellulose materials were used to give fuel resistance to a non-resistant rubber.
The fuel and oil transfer hose was fabricated from a non-oil-resistant material,
polybutadiene. However, in general the rubber material was of good quality.

The production breakdown of the airplane indicated that it is adaptable tec mass
oroduction. The production can be done cheaply and easily with relatively unskilled
labor. A greater variety of welding was used in the mamufacture of the YAK~1l than
had been found on other Soviet aircraft. The quality of the riveling was good.
Welded steel brackets were used to a great extent contrary to the American practice
of forgings and castings. More attention was given to protective finishes on the
YAK-11 than has been found on other Soviet aircraft examined. In making a compari-
son regarding the manufacturing philosophy of the YAK-11 fighter trainer and the
MIG-15 interceptor, it is strongly suggested that because of longer service life
desired of the YAK-1l the Soviets placed emphasis on its overall quality. On the
other hand the MIG-15 is a combat aircraft with a shorter service life; therefore,
emphasis was placed on functional quality and only in those areas considered critical.
This is further illustrated by the protection of alclad aluminum alloy shebt with
anodic and chromate treatment.

The ASh-21 is wholly adaptable to modern quantity production methods and
processes. The reason for retention of the casting method of fabrication of cylinder
heads in favor of the forging method is unknown. The fact that the casting is still
practiced may be considered to impose a limit on optimum engine power potential.

RECOMMENDATIONS

None
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SECTION I

A. WING GROUP

: The wing is constructed in two panels except for the detachable wing tips, It is
2 conventional two spar and rib construction with a metal stressed skin which 1s
flush riveted, The bullt uwp spars are spliced at the centerline of the airplana, The
upper and lower surfaces of the center section between the front and rear spars are
metal covered, The stiffersrs are of the spanwise type.

The two forward atiachment points to the fuselage are located on the web of the
front spar, The two center fuselage attaclment points are located approximately
midway between the front and rear spars on the upper wing surface directly over the
heavy root ribs., The two aft fuselage attachment points are placed on the web of tho
rear spar, See Fig 50.

The main hnd.i.ng gear attachment fitting is located on the front face of the
forward spar, at the intersection of the second rib. The front spar is perpendicular
to the centerline oftheairphnooubtothoﬁrstribatuhichpointitbondsaﬁ.

Thauppermfaceotthomgbomdedbythemntandroarsparsandtheheavy
root ribs is covered by wing skin. The lower surface of the wing as outlined in the
praceding santence is covered by & removable metal panel, Within this section of
the wing is located the fuel swmp tank, oil cocler, ducting, and the main air storage
. tank, Thedatailedloomtimuorthnitmduwibedmberomdinurmﬁ;ssstm
Section. of this report, Seeﬁg50md53.

- rhelea.dingedgesoctimofthaﬂnghonsingthehndingge&risremforeedby
spanwise and cordwise stiffeners. In the leading edge of the right wing panel, pro-
visioniamdefortheinstalhtionoragunmem. Alandingliglrbisreoessod:ln-

tholmmgedgeorthelofbmgpmel

The allerons are of a metal frame construction with a fabric covering, A ground
set trim tab is utilized on the ailerons. The flaps are all nietal construction and
extend from the wing root outboard to the ailsrons. They are a split type with
mechanical up locks linked to the pnemmatically actuated push pull tube, The above
locks are spring loaded locking the flaps in the up position, :

B. EMPENNAGE GROUP .
© The vertical and horisontal stabilizers are of conventional metal eons;brnction

and configuratin, The stabilisers are also of the two spar and rib construction with
metal skin which is flush riveted. The elevators are metal frames with a fabric
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covering. The rudder has a tube as the basic load carrying member., Metal ribs are
attached to the tube, The-lower portion of the rudder is covered with a metal sheet.
The entire rudder including the metal sheet is fabric covered. The metal sheet
covering is used for resistance to stones thrown wp from the tajl wheel. A ground set
trim tab is utilized on the rudder. The rudder is attached to the fin at two hinge
points, and to the fuselage at one point. The rudder has no static or aerodynamic

balance., The elevator trim tab is mechanically actuated and controlled from the
cockpit. . ‘

. The l&rizontal stabilizer is mounted above the upper longerons of the fuselage
and is attached by bolts at four places. ' The front spar of the fin is bolted to the
stabilizer-and the rear spar of the fin is bolted to the fuselage.” See Fig Sk.
Approximately one-third of the span of thé elevator is used for aerodynamic balance.

The use of a lead weight sumaended on an overhung arm contr:.butes to the static
balance. See Fig 55. : :

~

C. BODY GROUP

The fuselage is a welded ‘mbular steel structural framework in‘."c,h metal stringers
and formers haw.ng a metal and fabric covering. The attachment points for the engine

mount, the wings, tail, tail whecl, and other minor braokets are welded to this
structure. See Fig S1.

The engine mount is also of the welded tubular steel constructlo‘a and is attached

to the fuselage by the use of four bolted connectlons.

The cockp:.t enclosure consists of a fixed windshield, movable portion for pilot
egress and ingress, a fixed section, a movable portion for co-pllot egress and ingress
and a fixed rear section, The entire enclosure is covered with a formed transparent

. material. A section of transp:arent material is also used to cover tho recessed iron

loop antenna housing,

The juncture of the wings; and tail with t‘le body group is neatly faired with
removable flllet.,.

ketal skin is used arourid the perimeter of the fuselage aft of the f:rewall to

the windshield, a band benea’’h the canopy, and the curved surface extending from the

aft end of the canopy to the: empemnage. lMetal inspection panels on the fuselage are
used as skin, These panels are located as follows: On the right and left side of the
i‘uselage to expose the front cockpit, the left side to expose the rear cockpit, and on
the left side to expose the radio compartment., See Fig 56 and 57. Fabric was used to
cover the remaining porticn of the fuselage, Hat section stringers are used to catch

the stitching of the fabric, Tape is cemented to the outer surface to conceal the
stitches. '
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" The fuselage inspection panels provide easy access to the controls and lines in
both cockpits.

D. ALIGHITNG GEAR

The alighting gear consists of the main landing gear, which is of the conven-
tional side folding configuration, and a fixed taill wheel installation which is free
to swivel. The main gear is pneumatically retracted and is covered with flush doors.
The tire size is 600 mn x 180 mm. See Fig 58.

The main landing gear retracts inward and is housed forward of the front spar
within the leading edge of the wing. A mechanical up lock keeps the gear in the
retracted position. The self-locking actuating cylinder and a geometric lock formed
by the side brace in the extended position act as a positive down lock. A mechanical
indicator which moves vertically through the upper surface of the wings is a visual ‘
check for the landing gear position. '

The landing gear doors, which are attached to the main strut, consist of two
sections., The wpper section is rigidly attached to the strut and the lower section
to the piston assembly.

The landing gear struts are of the air-oil type whére an air spring is used for
taxling and landing impact is absorbed by forcing oil through the strut orifices. The
struts contain no metering pins. The orifice plate rather than having a single hole,-
as is customary in this country, has five holes of the same diameter equally spaced
around the orifice plate., The packings are the chevron type andé appear to be no dif-
ferent in design than the chevrons that were formerly used in this country. A felt
wiper is used in the gland nut although no scraper ring is used. The piston tube and
axle bearing diameters are chrome plated, The torque arm pins and wp lock roller are
also chrome plated.

The tail wheel assembly is located on the aft section of the fuselage. The tire
size is 255 um x 110 mm. The mechanical tail wheel lock may be engaged by pulling
back on the cockpit control sticks. The wheel is free to swivel when the control is
pushed forward. This lock is the same type that is incorporated on the YAK-9P.

The tail gear assembly consists of a air-oil tyre of strut, piston and a tail
wheel fork, B : '
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SECTION II
POWER PLANT INSTALLATION

The airplane is powered by a single 7 cylinder radial air cooled engine having a
single speed internal supercharger. See Fig 2. The engine has a take-off rating of
690 BHP at 2300 RPM at sea level, The engine is fitted with a two-bladed, aluminum
constant speed type propeller, This propeller utilizes a governor and counter balances
for pitch control. The oil radiator is mounted in the wing forward of the front spar.
The oil tank is mounted on the right side of the fuselage aft of the firewall, The
grade of fuel specified is 89 octane. The fuel is carried in 3 internal wing tanks
having a combined capacity of 95 gallons. The fuel is gravity fed to a sump tank
mounted aft of the front spar under the center of the wing, No purging is utilized,
The tanks are all vented together. Starting of the engine is accomplished by
compressed air.

A, ENGINE INSTALLATTION

The ASh-21 engine is a 7 cylinder radial, air cooled engine with a piston dis-
placement of 1260 cu. in. A single speed centrifugal type of supercharger having a
7:1 drive ratio is incorporated in this engine. Fuel is injected into each cylinder
head by a.seven cylinder fuel injection pump provided with an automatic mixture
control unit and a manifold pressure regulator. Conventional accessory drives are
provided at the rear and front sections of the engine. The engine is started by a
compressed air type starter. The overall diameter of the engine is 9.5 inches and
the overall length is 55 inches, The basic dry weight of the engine is 935 pounds,

. The cooling air is admitted through an adjustable shutter assembly on the front
secuion of the engine and is exhausted through ports on both sides of the cowling.
Supercharger air is admitted from the top of the cowling through a filter to the
internal blower. Heated air may be selected for the blower intake from a bypass
under the engine cowling. ' , ‘

The engine driven accessories include an air starting distributor, air compressor,
propeller governor, oil pump, fuel pump, tachometer generat.oxf, generator, gun sgyn-
chronizer, two magnetos, and oil scavenge pump.,

A fuel shut off valve is provided to stop the supply of fuel to the engine, The
valve is located in the main fuel line to the engine forward of the front spar of the
wing. This valve is controlled by a lever on the left hand console in the forward
and rear.cockpits. See Fig 7. A hand operated fuel pump on the right side of the
front cockpit is used to supply pressure to the fuel injector for starting until the
engine pump takes over,

A primer pump supplies a mixture of fuel.and compressed air to a 7 port manifold

which is geared to the engine. This manifold is the air starter. The fuel and air
mixture is then routed to the top of each cylinder for engine starting.
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The engine is also supplied with oil dilution for cold weather operation.

For details of the engine breakdown and components, see Report No. TR-AG-1,
"Description of Soviet ASh-21 Adrcraft Engine"

B. PmPELI.ER| CONTROLS AND‘SP]MIER

The propeller employed on this engine is a Vish 111 V-20 and is a two bladed
aluminum, constant speed type. The overall diameter is 9.8 feet. The rotation is
clockwise as viewed from the cockpit. - The propeller governor is a Type R-TE, which
is the latest type thus far observed. It is very similar to the constant speed
governor built by Hamiiton Standard. The pitch change is effected by hydraulic
pressure and counterbalances. Pitch is decreased by means of 0il pressure and is
increased by-counterbalances. :

A large spinner constructed of metal is enployed to cover the propeller hub and
the cooling shutter assembly on the front section of the engine. ,
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Fig. 2 ASh-21 Engine
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SECTION ITI
| AIRCRAFT SYSTEMS
A, PNEUMATIC SYSTEM

The YAK-]J. employs a pneumatic. system for actuating the landing gear, wing
flaps, brakes, anmular engine cooling smtter, engine starting, gun charging and
firing. Air is supplied to the system by an engine driven compressor. Provision is
also made for charging, or using, the system on the ground by utilizing an external
source of air. Access to the charging connsction is gained by opening a small door,

“located on the left side of the fuselage at the rear cockpit. See Fig 3 and 16,

. The system has main and emergency air storage tanks located in the center
section of the wing: The main tank, Fig 12, is mounted on the aft side, and the -
emergency tank, Fig 13, on the forward side, of the main wing spar. Both tanks are
spherical and capable of holding a pressure of 60 atmospheres (880 PSI), The air
from the engine driven compressor is first passed through a sump type filter with a
drain cock and then through a screen and pad type filter. The sump filter is
mounted to the right on the forward side of the firewall. The externally supplied
air is passed through the same screen and pad type filter, Fig 1l and 15, as was
used by the compressor air. The location of this filter is on the left side of the
fuselage Just forward of the ground charging filter, See Fig 15. From the pad type
filter the air is supplied to the storage bottles-and actuating components - of the
system. :

The alr line connectmg the main storage bottle to the system goes through a
main shut off valve. This valve is located on the left side of the front cockpi'h,
and -1s shut off only before emergency air is useds 4 second air line from the main
storage bottle supplies air for gun charging and firing.

The air compressor is an engine driven type mounted on the nose sectn.on of the
engine. See Fig 17 and 18. It rotates at .76 of the crankshaft speed. The output
of the air compressor is approximately 60 atmospheres (880 PSI). It is a two stage,
two stroke compressor inco:.porarbing a tanden piston arrangement. Air is brought in
through the top and is c'snpressed in the first stage. The compressed air is then
passed through a poppet valve of the larger piston,is compressed in the second
stage, and discharged through the sump type filter, This compressor is very similar
to the British Hayward air compressor.

The anmular engine shutter is positioned by a single actuab:.ng cylinder. See
Fig L. A ahrens control from the shutter to a pointer in the front cockpit on the
right side above the selector valve indicates the position of the shutters.

The. three selector valves, used for flaps, landing gear, and anmular engine a:i.r '

‘slmtter are of the cylinderical, three position type. See Fig 19 and 20,

. The pressure relief valve is of very simple construction and operation. See
Fig 21. The valve appears similar to a tee fitting in the line with one opening
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capped. This part of the tee conbains a spring loaded plunger held in place by the
cap mit, The valve was set to maintain a pressure of 750-800 PSI,

The landing gear actuating cylinder is mounted between an overhang at the top of
the strut and one end of a bell crank. See Fig 22, 23, and 2. The bell crank
acting as one half of the strut side brace scissors. See Fig 22 and 23. Retracting
the actuator extends the landing gear and causes the side brace scissors to fall
into a straight line. These are held in place by an interpnal ball lock in the actu-
ating cylinder. Extending the actuator pushes on the top of the strut and causes
the side brace to pivot and fold, retracting the strut. An uplock holds the landing
gear in a retracted position. An air operated plunger in the uplock releases the
landing gear when it is to be extended. The uplock may also be released by a pull
cable from the front cockpit for emergency operation. )

The landing flaps are pneumatically operated by a double ended actuating cyl-
inder, push pull rods and linkage. See Fig 25, Each flap is locked in the wp
position by five spring loaded mechanical locks. See Fig 26. The actuating cylinder
is located at the center line of the airplane under the rear cockpit floor. The
most important design feature is the flap up lock incorporated -in the systems The
release of the flap uwplock is accomplished by the initial travel of the flap actua-
ting linkage in flaps down motion. Five bell cranks spaced along the span of the
flap, link the flap push pull tube with the flap up lock, The flaps are locked

automatically when fully raised. The locks are spring loaded in the closed position.

The remaining travel of the tube lowers the flap,

The wheel brakes are pneumatically operated through a differential and bleed
valve mounted under the rear coclpit floor. See Fig 27, 28, 29 and 30. The primary
pressure supplied through a bleed valve to the differemtial valve is controlled by
the mamally operated levers on the front and rear control columns., See Fig 31 and
32, The differential valve control is linked to the rudder bar, and its function is

 "to relieve the pressure from the brake line on the side of the airplane opposite the

direction of the turn and to supply air to the wheel being braked. With the rudder
bar in neutral, both brakes are under equal pressure. The pressure is controlled by
‘the manual lever on the control column which actuates the bleed valve. Upon releas~
ing of the brake lever the brake pressure is bled through the bleed valve into the
atmosphere. This aircraft is not equipped with a parking brake,

An additional safety feature is incorporated on the aircraft for the .instructors
use to prevent ground looping and taxing accidents. A brake emergency button is
housed in the top of the grip on the rear control column between the brake metering
and bleed valve to release air from the brakes or prevent air from going to them.

See Fig 32, When the instructor depresses the button, the pressure is relieved
through slots around the button. See Fig 32, 33, 3L and 35)? :

The brakes used on this aircraft are the single acting, two shoe, type. See
Fig 36, 37, 38 and 39. This type of brake is similar to that used in U. S. light
aircraft. When air pressure is applied to the piston at the top of the brake
housing, it forces the shoe about a pivot against the drum. The same action takes
place sirmltaneously with the other shoe in the same brake,
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B. FUZL SYSTEM

The YAK-11 fuel system is shown in figure 5. The main components of the system
are engine driven fuel injector, three fuel tanks, wobble pump, priming pump, engine
driven fuel pump, and two screens.

The engine driven fuel injector receives strained gasoline from the sump tank
and is supplied under pressure by the engine driven fuel pump or the wobble pump.

‘ There are two main fuel tanks which are located in the inboard section of each

wing, between the front and rear spars. These metal tanks are the riveted type. No
provision is provided for self-sealing. Each main tank has a capacity of 173 liters.
The filler neck of each wing tank houses a mesh brass filter under the filler cap.
The fuel gauges are located in the wpper surfaces of each main tank. An access door
on the wper surface of the wing is opened for servicing with fuel. The gauges are
the mechanical float type and transmit an electric signal to the cockpit fuel gauge.
Between the main tanks is a sump tank which is fed from the main tanks by gravity.
The capacity of this tank is 13,5 liters. From the sump tank fuel flows through the
main fuel line to the eng:me driven fuel pump to the engine driven fuel injector.
There is a check valve in the main fuel line to the engine from the sump tank. This
check valve prevents reverse fuel flow and allows initial fuel pressure to be built
up by the use of the wobble pump. There is a flapper valve in each line leading to
the sump tank. See Fig L4O. The purpose of the valve is to prevent fuel from
draining out of one wing tank into the other during maneuvers.

The three fuel tanks are commonly vented to the abniosphere. In inverted flight
for short durations the sump tank is fed fuel through the vent lines of the wing
tanks, In normal flight the vent lines comnect to the top of each tank.

A primer pump is used to :Ln,ject fuel into the air starting line for initial
fuel supp]y vhen starting the engine. See Fig 4l. The pnmmg pump ?'Lso contains
the air supply valve for starbing air.

The wobble pump is a double acti.ng, constant flow, vane type pump. See Fig L2,
The pump is similar to the type used in U. S. light aircraft. The operation of the
wobble pump can be operated only from the front cockpit. On the intake stroke fuel
is taken into the chamber. The flapper valve on the exhaust port is closed. On the
return stroke the fuel is discharged under pressure. The sage action occurs in the
second chamber. When one chamber is intaking fuel the other chamber is exhausting
fuel which provides a constant flow of fuel under pressure. This pump has fewer
moving parts than the U. S. type of wobble pump.
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" C. ELECTRICAL SYSTEM

‘& 2l volt direct current electrical system is used in the YAK-1l. The require-
ments imposed upon the system are very small in comparison to USAF requirements due
to the extonsive use of pneumatics in this aircraft. '

A type 12A-10 battery is installed on a shelf below the radio equipment aft of
the rear seat. The designation of this battery indicates that it is a 12 cell lead
acid aircraft battery with a. rated capacity of only 10 ampere hours. An external
power source can be connected to the aircraft by simply removing the two prong con=
nector from the outiet located on the battery case and comnecting it to the lead
"from the external power source.

A single engine driven generator, type GSK-1500, mounted on the rear accessory
section of the ASh~21 engine delivers 1500 watts of direct current power at 27.5
volts., See Fig h3. Earlier models of the YAK-11 were equipped with 500 watt gen-
erators. The use of inverters for supplying alternating current to gyro flight
instruments imposes an additional power requirement on the later modeis. Formerly,
these instruments were vacuum driven. Components were found which indicated that an
installation of a more complex gun-sight was in: alled. This would also impose addi-
tional electrical power requirements,

A conventional vibrator type voltage regulator‘maintains the generator voltage
between 26.5 and 28.5 volts. A current limiter element controls the maximmum load
current of the generator to 50 amperes under overload conditions.

To reduce interference to radio reception and to communication devices, a type
SF=]A filter is ixigtalled between the voltage regulator and the main distribution
panel, :

A type PAG-10 inverter supplies a 36 volt, L0O cycle, 3-phase output voltage to
the gyro flight instruments, but not to the radio compass as is done in USAF radio
compass equipment, The inverter is mounted on rubber shock absorbers and is
attached to the top of the left wing, just inside the fairing. The inverter appears
to be a simplified copy of the Vorld War II German inverters. No means of regulat-
ing the frequency or output. voltage are provided. However, the inverter swpplies a
constant load and, under this condition, the added expense of a regulating device is
umecessary. Results of a complete analysis of this inverter are available.

The magneto selector switches are wired so as to give the instructor in the
rear seat master control at all times. Two toggle switches are installed to the
right of the magneto selector switech in the rear cockpit. Placing these in the "up"
position and turning the rear cockpit selector switch to the 1 * 2 position will
give control to the front cockpit. The instructour could cut the front cockpit
magneto selector switch out of the circuit at any time by placing the toggle switches
in the down or "off" position. See Fig 6..

Two fluorescent fixtures for instrument lighting and one map reading fixture
are identical to types used in current USAF aircraft.
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Tests of wattage.

A 2} volt, 220 watt bulb is used in the single landing light.
required for safe flare-cuts and landings in a comparable USAF airplane indicated
that such a lamp will provide inadequate illumination for satisfactory operation.

Conventional wiring and electrical commections are used throughout the YAK-1l,

REAR COCKPIT
MAGNETO SWITCH

B
|
)
.

FRONT COCKPIT
MAGNETO SELECTOR SWITCH

o o

&

i}
TO MAGNETOS

-~

.,"“__ —

B

Fig. 6 Magneto Switch Wiring Diagram

REAR COCKPIT
MAGNETO SELECTOR SWITCH

CONFIDENTIAL




C\’)NH@FNT.AL

ATIC Technical Report No. TR-AC-16
Page No, 16

D. COCKPIT ARRANGEMENT AND INSTRUMENTS

The cockpit arrangements are simple, compact and designed to meet the basic
requirements of a fighter trainer. See Fig L5 and L6.

The quality and arrangement of the instruments, controls, lights, etc., with
the exception of the rearrangement of some of the instruments in the center and
right hand instrument panels, are the same as found in the earlier produced models
of this airplane., The center instrument panels contain three rows of three instru-
ments each. In the front cockpit the instruments are arranged, from left to right,
as follows: in the top row are the altimeter, a blank area used by the gun sight,
and the remote compass indicator; in the center row are the airspeed indicator, com-
bination flight gyro and turn and bank indicator, and the rate of climb indicator; in
the bottom row are the manifold pressure gage, tachometer indicator, and the engine
gage unit, A radio beacon indicator is rounted in an extension of the lower right
hand 'side of the center panel. See Fig 7, In the right hand panel, the flight indi-
cator and camera gun frame counter have veen removed and the emergency air pressure
gage and pneumatic system pressure gage installed in their place. A clock has been
added to the upper left hand corner of the panel, Two indicating lights are
installed to replace the camera gun frame counter,

In the aft cockpit the instruments are arranged in the center instrument panel

+ from left to right as follows: in the top row are the airspeed indicator, a combina-
tion gyro flight indicator and turm and bank indicator, and a rate of climb indica-
tor; in the center row are the altimeter, remote compass indicator, and the clock; in
the hottom row are the manifold pressure gage, tachometer indicator, and the engine
gage unit. The flight indicator has been removed from the right hand instrument
panel and placed in the center panel.

The only oubtstanding change in the instruments is the relocation of the gyro
flight indicator to the center of the instrument panel, the conversion of the flight
indicator from a vacuum driven to an electrically driven instrument, and the combining
of the turn and bank indicator and artificial horizon into one compact instrument.

An inverter was provided to supply power for this instrument. The inverter is
mounted on the upper surface of the left wing beneath the wing i‘airing.

The Soviet flight indicator presentation of a fixed horizon with a movable air-
craft differs from the current USAF flight indicator presentation of an immobile
aircraft with a moving horizon. In the Soviet indicator the model aircraft is
displaced in exactly the same manner as the actual aircraft with respect to the
natural horizon. For example, during a dive the model drops below the horizon to
indicate the relative pitch attitude while indicating the pitch attitude in degrees
on a scale on the center of the indicator. The instrument will indicate a climb or
dive to approximately 80° and the gngle of bank accurately to approximately 60°.
Pitch attitude changes through 360 can be accomplished without upsetting the gyro.
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SECTION IV
ARMAMENT

A, WEAPON JINSTALLATION

Although a gun was not mounted on the aircraft, previous intelligence informa-
tion, as well as the accessories which were mounted on the aircraft, confirm the -
installation of a single, fixed, forward firing 12,7mm Berezina machine gun which is
synchronized to fire through the propeller arc.

The 12,7mm Berezina UBS, which is the synchronized weapon, is a gas operated,

"air-cooled, belt fed aircraft machine gun of World War II vintage. - The feed takes

place from the right hand side of the gun and is not interchangeable, It is,
however, orthodox in that it utilizes a disintegrating metal linked belt. The metal
links contrary to common practice with a right hand feed, fall away downward and to
the right of the gun. The cartridge cases follow the more normal practice of ejec-
tion from the left side of the gun. :

Charging of the gun is normally accomplished by air pressure, however 2 manmual-
ly operated pull cable is used in the event of a loss of air pressure., The air
pressure (approximately 375 PSI) required for operation is supplied by the aircraft
pneumatic system. The air is stored in an a storage bottle under approximately 60
atmospheres of pressure and by means of a regulator the pressure is reduced to
approximately 2’3 atmospheres of pressure before reaching the gun charger.

Immediately ahead of the fire wall, there is a gun deck which is a part of the

aircraft structure., The gun in mounted on the deck at the left of the aircraft's

center-line., The deck also serves as a mount for the ammunition can, the case and
link chutes, the gun mowits, the charging valve, and the firing solenoid. The rear
gun support consists of a steel bracket and plate arranged to provide lateral move~
ment by means of a pair of threaded studs. This movement would permit azimuth
adjustment during harmonization. The forward portion of the gun is supported by two
spring loaded trunnions which are attached to the forward end of the receiver. An
adjustable post type mount is attached to the trunnions for the vertical movement
required for harmonization.

The ammnition can which has the overall dimensions of 15 x 12 x 6 inches is a
riveted aluminum alloy assembly employing an integral feed chute, It is located
approximately on the center-line of the aircraft and is connected directly to the
feedwgy of the gun by a short section of chuting. The can is held securely in place

by four plunger type latches. The estimated capacity of the box is 100 linked

rounds. The can cover and upper portion of the feed chute are individually hinged
and may be opened for loading by depressing a plunger type latch. Ejected lirks and
cases pass through separate openings in the gun deck and fall into a common container
which is part of the airframe structure. Access to the container is gained by
opening the forward fuselage hinged panel on the left side of the aircraft,

CONFIDENTIAL

i P AU & e e e e e



CONFIDENTIAL

ATIC Technical Report No. TR-AC-16
Page No. 21 ,

pivoted wiper arm which. moves across a curved plate that is divided into five
segments. A voltage value, which is proportional to five increments of barometric
pressure, is obtained by this action.

As for mounting a sight the size of the K-1li it does not appear | that there is
sufficient space judging from the sight head mounting bracket. It is, therefore,
assuried that some modifications have been made. For training purposes & straight

- reflex sight could have been mounted, however, this installation would render the

input data units unnecessary.

C. DBOMBING EQUIPI\'EM'

The bomb suspension hooks and electrical arming mechanism appear to be identi-
cal to the "Bomb Rack, External, BD2.l5" as shown on page 1-9-m-5p of the Character-

istics and Performance Handbook, Foreign Aircraft Armament. It has a maximum capa-
city of 100 Kg (220 1bs). ,

A streamlined fairing is sectred to, and incloses, the suspension assembly.
Both are attached to the underside of the wing by . four bolts, two at either end,
Cross beams are secured to front and rear of the shackle to provide sway bracing,
which is made up of threaded bolts and jam nuts.

wWhen the bomb release solenoid is energized, its plunger frees a linkage which
is under spring tension, Movement of the linkages releases the trigger arm from:
engcgement with the carrying hook and the bomb is free to fall.

The arming mechanism is attached to the rear section of the shackle and is made
up of a solenoid plunger with a rounded end which in the extended position contacts’
a stationary rounded stud. The solenoid plunger is held in the extended position by
a spring which maintains sufficient tension to rebtain the arming wire during flight
and yet release the wire in the event it is desired to drop the bombs "safe". when
the arming wire solenoid is energized the two plungers are held together a.nd retain
the arming wire which permlts an "armed" release of the bomb,

D. CAMERA -

Provisions for the installation of cameras in three positions were noted during
inspection of the aircraft. Primary location of the gun camera appears to be in the
leading edge of the right wing, with an alternate position on top of the windscreen
directly above the gun sight mount bracket. The latter position may possibly be
used for a camera which would record the target and the reticle image at the same
time. Support brackets for a third camera installation were locabted at the bottom of
the fuselage, aft and to the left of the rear cockpit under the communications
equipment shelf, This installation may be for a camera to be used in bomb scoring
during training or recomnaissance. A sliding door, spring loaded in the closed
position, was directly below the mounting brackets and could bhe manually operated

-from the front cockpit by means of a pull cable. FEach of the three camera oos:Ltlons

were provided mth mounting brackets and electrical connections.
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SECTION V
ELECTRONICS EQUIPMENT

The electronics equipment installed in the YAK-1l consisted of commnications,
navigation, and intercommnications- equipment. The installation is believed to be a
typical example of ‘the electronics equipment in late model Soviet fighter and
trainer type aircraft except for some variation in the location of major components
and controls and the possible addition of IFF or radio altimeter units.

A1l of the installed equipment has been previously reported; however, the HF
transmitter, the iron core compass loop, and a late model intercommnications ampli-
fier were not previously available for complete analysis. These units will be the
subject of individual electronic reports following their detailed study. Complete
information on the other units which have been previously reported can be found in
reports referenced herein, '

Specifically, the following electronic equipment t;as installed in the YAK-11:
Commnications Equipment

1. High Frequency Receiver, Soviet Type RSI-6M-l (3.75-5.00 Mc), Serial
No., 17667, date of manufacture: March 1950.

2, High Frequency Transmitter, Soviet Type RSI-6K (3.75-5.00 Mc), Serial
No. 20222, date of manufacture: December 19L9.

_"3.. Transmitter Dynamotor, Soviet Type RU-L45-A, Serial No. E0111l.

L. Interphone Amplifier, Soviet Type SPU-2M-bis, Serial No. B 19776.

5. Interphone Dynamotor, Soviet Type RU-11AM, Serial No. E0151L8.
Navigation Equipment

1. Radio Compass Receiver, Soviet Type RPKO-10M (270-730 Kc), Serial
No. 0,1511, date of manufacture: April 1950,

2, Compass Receiver Dynamotor, Soviet Type RU-11AM, Serial No. E 84757L.
Antennas

A double strand wire type antenna extending from a mast at the rear of the
cockpit to the top of the vertical stabilizer was used as a receiving antenna for the

HF receiver and a sense antenna for the compass receiver. The above wire also
serves as the transmitting antenna for the HF transmitter.
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An iron core stationary loop antenna, flush mounted in the top of the fuselage
behir.ld the cockpit canopy, was used in conjunction with the RPK0-10M navigation
receivers,

A, COMMUNICATION AND NAVIGATION EQUIPMENT

The Soviet Type RSI-AlM.l radio receiver is described in detail in ATIC Study
No. 102-EL8/51-34. It is an 8-tube superheterodyne receiver with excellent sta-
bility characteristics. Reception is limited to phone or modulated radio telegraph
signals. The unit installed in the YAK.1l was identical to the latest types previ-
ously analyzed, and except for some variation in inspection stamp mumbers, no sig-
nificant difference was noted when this unit was compared to Receiver Serial
No. 17166 which was obtained in Korea.

The Soviet Type RSI-6K transmitter is the first unit known to be available for
cetailed analysis. It operates essentially as either a self excited amplitude modu-
lated oscillator or as a crystal controlled amplitude modulated oscillator using a
type 616 tube., It is capable of voice transmission with a power output of approxi-
mately 6 watts. Complete details on this type transmitter are given in ATIC Techni-
cal Report No. TR-EL-LL. NO operating crystal was found with the equipment. The
RSI-6K is a modification of the earlier RSI-6 transmitter. An extra tube which acts
as a modulated crystal oscillator has been added to permit operation on one crystal
controlled channel. In addition, a meter has been placed in the front panel to
indicate radio frequency current in the antenna. This represents an improvement
over the small light bulb tuning indicator used in the RSI-6.

The Soviet Type SPU~2M-bis intercommnications equipment consists of a one tube
: (type 6F6) audio amplifier. This unit has been modified considerably from the pre-
viously reported SPU~-2M model. Major changes include the use of late type compon-
ents, such as cased transformers with humidity glass to metal seals, sealed capaci-
tors, and carbon deposited resistors. The binding post connector strip on the front
panel has been replaced with a quick disconnect type cable receptacle. A complete
analysis of this unit is contemplated.

v bt A T+

The RPKO-10M is a homing receiver which has been described in detail in ATI
Study No. 102-EL-17/51-34.

Tt is used in conjunction with a fixed, iron core, flush mounted loop type
antenna, The dynamotor power plies have also been completely analyzed and the
information on both the Type RUS‘EE-A and the Type RU-11AM is given in the above ref-
erenced reports. ‘

B. COMMUNICATION AND NAVIGATION EQUIFMENT CONTROLS

Figure 10 is a pictorial drawing showing the location of the electronics equip-
ment in the YAK~11l. A block diagram of the interconnecting cables and controls is

given in Figure 9.
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The high frequency transmitter is controlled by a press-to-talk switch on the
pilot's (forward cockpit) throttle or on the rear cockpit throttle. The frequency of
the set is not easily changed during flight and therefore the pilot mst rely on one
channel for transmission.

The high frequency receiver is tunable by a remote mechanical tuning knob
located on a panel to the right of the pilot!s right knee. Amy frequency in the
3.75 to 5 megacycle range may be selected in flight,

The frequency of the navigation receiver is changed by a remote tuner located on
the same panel as the high frequency receiver tuming knob., The navigation receiver
is switched in for use as a radio compass or as a conventional low frequency super-
heterodyne receiver by a switch in the control box located above the remote tuning
control below the canopy guide rails in the forward cockpit. This control box also
controls the use of the RSI-6 equipment. The left-right indicator for the compass is
located on the instrument panel.

CONFIDENTIAL



wrezderd Jyo01g - waysLg uoneSiaeN pue uonedwNWwWO) [I-JeX 6 *Sid

$37GYD ONINAL 318IX31d —— — = — S ———

CONFIDENTIAL

28

ATIC Technical Report No, TRe=AC-16

Page .NOQ

HOLOWY NAQ AN3LLYS ¥ol
OWYNAQ
UAAIAI3Y LI0A ¥Z SNVEL
TN B srny
04 LNOD
ONINNL
r ¥3AI13D3d
| AYN :
¥3A1323Y ¥vay LNOUd
AYN .
wolL -0l SIHOLIAS
] X1vl OL HSNd
-t ——— . 0ULNOD - -FLLo¥HL
i ] ONINNL
n V- N 43A13038
i
i
|
“ i
1 & || YOLYD KNI
! X089 1How
S TOULNOD 431
¥3IAIEOIY .
Lwo-isd Hhiivon
‘ _ ‘ SMOLOWYNAQ
AVI3Y
yaLLIN _
SNVHL
9ISy
any 305N0D HOLINS
— >l HILSYW
X083Vl ‘ o
ANOHJY¥Y3
ANV INOHJOUDIN

PO — 5 i N PR SR NP PC R

TR e i e R Yo b ] R R, "oetraye o s IO .
o T

CONFIDENTIAL




TVINBAUNOD

worrerte;su] S1eoxnd3H 01 “Ird

1

B d nrmE ¥

e i TME L

by 18 TRUS SAEPLEIGT. WM. g F.

M TATE SIRY & £ F

=4 Amwrpmn g syl v S

o T (A S e oYy T %.VN’}“/IM//IM

s ,.i.,f./[::il%l]!l/l =

= = r//:/

62 ‘Ol ¥¥sd

S T}~ S TVILNIGHNOD




CONFIDENTIAL

ATIC Technical Report No., TR-AC-16
Page No. _:3}

SECTION VI
MATERIALS

Airframe parts for materials examination were selected from what were consid-
ered to be the most critical applications. The analysis of metal, plastic, and
rubber parts include type and quality, comparison to U. S. materials for the same
application and, where possible, the effect of the type and quality of the material
on aircraft performance, '

A, METALS

Aluminum, steel and stainless steel parts selected for this analysis are con-
sidered to be the highest stressed components, requiring the best quality.

The landing gear strut and selected parts of the ASh-21 engine are being
examined metallurgically and will be reported in a subsequent ATIC study.

A YAK-11 engine mount had been examined prior to the one from the complete air-
frame., The date of mamufacture of the first engine mount is unknown; its date of
acquisition is close to the date of acquisition of the complete airframe. '

1. Aluminum Parts (Table 3)
a. Sheet Materials (Figs L7, L8 and L9)

All of the sheet materials examined were of the alclad type. The :
aluminum coatings ranged from 3 to 5% per side of the total sheet thickness, this is
corparable to U. S. practices The alloy used for the core was the Soviet D1 type
which is equivalent to 17s. The previously examined IL-1l0 airframe also used 17s
skin., A considerable amount of 17s sheet was shipped to the Soviets on lend-lease
during World War II; 2iis was probably not easily available to the Soviets at the
time the airplane was designed. Therefore, they apparently adopted 17s for skin on
gﬁe engine fighters. Little weight saving could be effected by the substitution of

Se

In general, the 17s sheet specimen were fine-grained, good quality
materials with normal solution heat-treated structures. Two exceptions were noted in
the thinnest sheet. In both of these cases, an excessive time at the solution heat-
treating temperature had caused diffusion of copper fram the core to penetrate the
cladding completely. Diffusion in Soviet alclad aircraft skins has been noted

‘before, but not to this extent. The resistance to corrosion of these materials would

be -inferior to that of properly heat-treated sheet.

The sheet materials were all anodized and chromate sealed., Unexposed
swifaces were further protected with a zinc chromate-type primer. Exposed surfaces
were primed with zinc chromate, paimted with an intermediate coat of aluminum-
pigmented vehicle, and finished with a gray lacquer.
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be Extrusions (Fig L7)

The stringer is an extruded bulb angle made from the Soviet D1 alloy.
The stringer had been anodized and chromate sealed and was painted with zinc
chromate-type primer. The grain size was extremely coarse, but the sample otherwise
had a normal heat-treated structure. The magnesium content was higher by 0.16
percent than the upper limit (0.4-0.8% Mg) permitted by the Soviet specifications
for alloy D1 (17s). However, this would not have a deleterious effect on the
mechanical properties of the material,

ce Rivets (Fig L8)

_ The rivets, taken from the built-up spar cap, were identified as the
Soviet D18 alloy. This is equivalent to the U. S, alloy Al7S, which is used in U.S.
practice for similar applications.

d. TForgings (Figs )7 and 50)

. The forgings were identified as the Soviet AK6 alloy. The aileron
control support carried the marking "AK6", These forgings were all anodized and
chromate sealed, This alloy has no U. S. equivalent, but the closest U. S. alloy is
1S, AK6 forgings are used in the solution heat-treated and artificially aged condi-
tion in Soviet practices In this temper, the alloy develops strengths that are some-
what higher than those of 17S-ThL; however, higher strengths than in AK6 are obtained
in the artificially aged 14S alloy, which is used in the U, S. in forgings for
similar applications. A comparison of the mechanical properties of these alloys is
given in Table 1.

Grain size in these Torgings showed wide variations, ranging from
fine to coarse in the aileron control support, from fine to medium in the bracket,
and from medium to coarse in the landing gear support. The parts otherwlise had
normal heat-treated structures. The Brinell hardness (500-kg. load-10 mm¢ ball)
on two of the three forgings was 107 and 117, respectively.

2, Steel Parts (Table L)
as Plain Carbon Steel (Fig 52)

Among the parts examined Soviet steels 20, 35, and 50 {U. S. -equiva-
lents ‘AISI 1020, 1030, and 1050) were used for a flange, a washer, and several muts.
The netallurgical quality of the parts was satisfactory. The mut and bolt of the
first engine mount examined were cadmium plated, the mut and bolt of the second
engine mount. were zinc plated. Cadmium plating gives better ‘corrosion protection
than zinc plating. No conclusions can be drawn as to the purpose of the change since
the relative dates of manufacture of the two engine mowts are unknown.
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b, Low Alloy Steels (Figs 50, 51 .and 52)
A11 the low alloy steel éar.mles found in the airframe were of the 1%

-chromium, 1% mangenese, and 1% silicon type varying only in carbon content from

0.20% to 0.35%. Selected YAK-1l components made of this steel were found to be
structural tubing for the fuselage and engine mount as well as highly stressed nmuts
and bolts, It is significant to note that for low alloy steel applications in

Soviet airframes this type of steel is used almost exclusively. Highly stressed
steel airframe members such as landing gear struts, beam caps, brackets and fittings
on the IL-10 and MIG-15 have all been made of "chromansil" (CHROmium, MANganese,
SILicon) type steels. This type of steel was originally developed by.the Germans

and reached a certain degree of popularity in Burope. The steel was tried out in the
U. S. bub never hecame adopted largely because it is difficult to make ingots of
constant composition and free of surface defects. Chromansil steel samples from the
MIG-15 have been examined and evaluated previously. 1, 2 & A literature on
chromansil steels has also been made and is to be reported . in the near future.

The chief advantage of the steel is its low critical alloy content, 1% chromium,
compared to 1.8% nickel, 0.8% chromium, 0.25% molybdenum (SAE h330$ steels which
would generally be used for similar applications in the U, S. The chief disadvan-
tages of the Soviet steel are its temper brittleness and its low hardenability; these
undesirable properties would not allow the substitution of 30XIC type steels for

SAE 1;330 by U, S. design standards.

: Mechanical properties of the steel were detemmined by testing samples
taken from the first YAK-1l engine mount. Duplicate sheet tensile specimens_ 10
inches long were cut from each length of tubing., The reduced sections were % inch
side and 23 inches long. The tensile and hardness data obtained are given in

Table 2.

The yield and tensile strengths of the tubing were somewhat lower
than the earlier results obtained on the main beam of the MIG-15 horizontal stabi-
lizer. The yield and tensile strengths of the bolt were lower than for the tubing.

g The microstructure of the steel samples was generally satisfactory,
The engine mount bolts were an exception. The silicate inclusions indicate incom-
plete deoxidation of the steel, The carbide spheroids and the ferrite indicate that

g"mof Foreign Aircraft Engine and Airframe Parts," ATIC Technical
2/ "Further Examination of Steel Star in MIG-15 Horizontal Stabilizer," ATIC

echnical Report No. 17, 13 December 1951, SECRET.
-"Examination of Soviet Low Alloy Steels," ATIC Technical Report No. 37 (to be

published), RESTRICTED,
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1. Iransparent Material

The transparent canopy was not of .lamina'bed design, but considering the
purpose of the aircraft, it is questionable if the safety afforded by laminated con-
struction would justify the increased expense.

2. Bakelite

The demand-type oxygen regulator for breathing use was made or phenol
formaldehyde (Bakelite) plastic. Bakelite plastics are suitable for construction of
demand-type regulators, However, American practice is to use pressure'-demand regula-
tors and these require aluminum castings., Dimensional requirements of the pressure-
demand type of construction are such that it is necessary to use a material which
maintains the casting mold dimensions. Plastic materials have been found to change
dimensions very slightly with age, and this is sufficient to prevent their use in
constructing a pressure-demand-type regulator.

3. Nitrocellulose

Use of nitrocellulose and cellophane as a rubber hose cover (see Rubber
section, ®reference main fuel line transfer hose , Table 6) is a practice which would
not be acceptable to U. S. standards. The plastic materials are resistant to fuel
and oil, and probably for this reason they are used to protect the rubber which is
not resistant. However, cellulose and nitrocellulose are very flammable, and would
create a serious fire hazard when used for fuel service,

C. RUBBER
During the analysis of the rubber parts on this airplane, four different types
of rubber were identified: mnatural, polybutadiene, butadiene-styrene, and neo;prene.
The following discussion highlights the data included in Table 6.
1. Natural Rubber
The following parts were found to be made from natural rubber:

a. Instrument shock mount, This is a good vibration material. Thére
was an excellent bond between the rubber and the metal sleeve.

b. Rubber grommet. Cracks showed poor compounding for age-
resistance, :

c. Hose couollng from oil filter line. Outside layer only was

natural rubber, Permeability of inside lagyer plus fumes from engine w.l.ll attach
natural rubber., Early replacement would be probable,
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2. Polybutadiene

This %ype of synthetic rubber is not produced in large quantities in the
U. S. It has about the same physical properties as butadiene-styrene (GR-S) or
natural rubber., The following parts were found to be made from this maberial:

a. Bumper pad for cockpit canopy. U. S. aircraft engineers would have
used a matenal with better agmg characteristics.

o ~

b. Fuel transfer. hose, main fuel line. This was made of rubber, plastic,
and metal. The rubber layer is not fuel-resistant; frequent replacement would be
probable. Buwia N should have been used; however, neoprene would have been
satisfactory.

c. 01l transfer hose, main return line. This was the same construction
and materials and same poor choice as noted for fuel hose, above.

d. Chafing strip, for top of fuel tank., Five layers of the same polymer
were used but the three center layers were cellular. This is a satisfactory choice
of material for the type of application.

e Cha.fmg strip for bottom of fuel tank. One layer of cellular rubber
provides adequate protection.

3. Butadiene-Styrene gBuna. Sz

This material is the sy'nthetlc rubber that can be used in most applica-
tions where natural rubber would be applicable. Prior to the analysis of the YAK-11
parts, this material had never been found in Soviet aircraft. _

a., Wire insulation. The outs:c.de 1ayer of this electrical wire was a
butadiene-styrene compound while the inside layer was a blend of the same copolymer
with natural rubber. Buna S hes exceptionally good electrical insulating properties
and is easily extruded fouw ..anufacturing wire. This i a good choice of material.

L. Neoprene

This is the only oil-resistant rubber found on the YAK-1ll., It is far
inferior to Buna N and camnot be used in contact with aromatic fuels.

- a¢ Vibration damper for cowling. The material is satisfactory for this
application. »

b.. Hose coupling for oil filter line, The inside layer of this coupling
was made from neoprene. This was a better choice than the polybutadiene used in the
oil line, above., Buna N would require fewer replacements, .
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_ c. Cement bonding five layers of the fuel tank top chafing strip together.
Other rubber would make better adhesion cements than neoprene. The cement was good
enough for the gpplication but better materials could have been employed.
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SECTION VIT
MANUFACTURING METHODS
A, ATRFRAME

The aircraft examined, serial number 12216, is thought to have been manufac-

+ured in 1950. The type of construction and manu;t‘a.cturlng practices observed on the

afrcraft are similar to those used on carlier YAK-9 fighters and it appears that the
VAK-ll trainer is an outgrowth of the YAK-9 series. The YAK-11 is a mixture of
various types of construction .1 which steel tube, light aluminmum alloy, and fabric
all have their part. Earlier types of YAK-1l f:.ghter trainers have all used these
forms of construction to some degree, The first types employed a great deal of
wood, plywood and fabric. The aircraft examined, which was of a later marmfacturing
date, still had fabric on the fuselage tail sectlon, but employed formed aluminum
stringers and alumimum alloy sheet as the primary fuselage covering instead of the
wood and plywood as on the earliscr YAK-9 and YAK-11 series.

1. Fuselage .

From a manuiacturing standpoint the fuselage has many favorable features:
the assembly breakdown is considered adequate for series preduction in the Soviet
environment; the welded tubular steel structure is common to Soviet aireraft and
well suited for the facilities available. General purpose machine tools and a mini-
mm of detail tools could be utilized in the mamufacture of all fabricated parts; no
complex jigs or fixtures would be required. Unskilled labor could be employed in
fabrication, sub-assembly and final assembly of the fuselage. The access panels
provided in the fuselage not only allow easy access for construction and final
assembly operations, but reduce the mumber of riveting man-hours by the uses of DZUS

‘type fastencrs in their installation.

A1l exterior rivets were flush and acceptable to American aircraft
standards. Many interior rivets were not of this quality though apparently accept-
able to Soviet standards.

Though a few castings and forgings were found, the Soviets still rely on
welded and machined steel fittings for main attachment points.

When compared to the manufacturing practices used in similar American air-
craft, the following examples are considered significant:

The welded fuselage structure, though considered obsclete by American
standards, is adequate for series production in the Soviet environment.

The asserbly breakdown and design of all fabricated parts would not require

the complicated jigs, fixtures, or special purpose machine tools used to a great
extent in American aircraft manufacture. »
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The quality of workmanship would be acceptable to American standards.
2. Wing |

Upon examination of the wing construction, there were many advantages as
well as disadvantages found in the methods employed in its mamfacture. Among those
of advantage were: ‘

The built-up spar of sheet and extruded alumimm alloy would not require
precision machining employed on forged or billet stock. Unskilled labor could be

 employed in the construction and installation,

Most of the wing skins were of one piece and covered. the entire area from
the upper rear spar to the lower front spar. The forming of this panel in one piece
reduces the number of sub-assembly jigs required to assemble the wing.

The two fuel cell openings in each wing allows access to the wing interior
during construction, assembly and installation. .

As on the fuselage, the assembly breakdown and design of all fabricated
parts would not require any complicated jigs or fixtures or special machine tools in
their manufacture.

Some of the disadvantages found in the methods employed were as follows:

Most skin joints were butted rather than lapped; the butt type joint
requires more trimming on assembly to insure proper fit.

The fuel access doors were attached to the structure with screws instead of
the DZUS type fasteners used on the fuselage. The screws add many man hours to
assembly and installation of the fuel doors because of the special fittings riveted
to the structure to accert them. '

3. Horizontal and Vertical Stabilizer

The construction and manufacturing practices employed on the horizomtal
and vertical stabilizers are similar to those used in the American aircraft industry
at the end of World War II, The design of the fabricated parts and the assembly
breakdown of both stabilizers are considered adequate for manmufacture in the Soviet
environment. The rudder and elevator were also similar to those of aluminum and
fabric construction mamufactured in American plants at the end of World War II.

B, POWERPLANT MANUFACTURING METHODS ANALYSIiS

The Soviet ASh-21 engine is a seven cylinder, air cooled, radial reciprocating
engine rated at 690 horsepower. It is essentially of Soviet design and can be con-
sidered a conventional type, influenced by years of reciprocating engine development

and production experience in the USSR,
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The Soviet ASh-21 engine was examined to determine the adaptability of the
engine to quantity production methods, and the effect on production and/or on per-
formance resulting from significant departures from manufacturing methods and
processes employed in the U, S.

A mamufacturing methods analysis of the Soviet ASh-21 engine, power plant of
the YAK~11, has already been made. The results were published as ATIC Study
No, 102-AE-51/11-3L, dated 27 December 1951, entitled "Soviet ASh-21 Aircraft Engine,
Mamufacturing Methods Analysis". For this reason, the following discussion will be
restricted only to highlights,

l. Gears

The functional quality of the critical gears in the ASh-21 engine compares
favorably with simiiar U. S. parts. Checks on backlash in the several gear trains
and individual gear eccentricity and run-out showed them to be within acceptable
limits. The employment of Maag gear tooth grinders, uncommon in the U, S. aircraflt
industry, creates a fine abraded pattern on the tooth faces which provides support
for an oil film, Durability is thereby enhanced through more effective lubrication.
The utilization of the Maag grinder also decreases the probability of scrap during
manufacture since there is less likelihood of burning the tooth surfaces during the
grinding operation.

2. gxlinders'

The cylinder heads on the ASh-21 engine are of cast aluminum alloy while
those of the Wright Cyclone 7, the ASh-21%s American counterpart, originate as
forgings. The forging method of fabricabtion was substituted for casting in this
application, domestically, to improve engine performance. The metallurgical charac-
teristics of the forging permitted an increase in cooling fin area, thus providing
greater heat dissipation. This resulted in longer engine service life with the same
horsepower rating. Conversely, if the service life had been satisfactory an increase
in power rating could have been effected by retaining former permissible head tem-
peratures, To sum up, then,. pound for pound the inherent strength of a forged cyl-
inder head is greater than that of a cast head. The fact that casting is still
practiced by the Soviets in the mamufacture of the ASh-~21 may be considered to
impose an optimum limit on engine power potential.

It should be noted that less machining time is required in the manufacture
of a cast head since the rough casting more closely resembles the final configura-
tion than does the rough forging. '

Material analysis is in process to determine the quality of the cylinder
head castings on the ASh-21l. '

3. C{rankcase Main Section

The crankcase main sections of the ASh-21l engine were forged of alumimm
alloy. This practice was discontimued in the U. S. counterpart when stecl was
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substituted for aluminum alloy. The development of the forged steel crankcase was
complementary to the switch from cast to forged cylinder heads., A4s in the case of
cylinder head fabrication the Soviet method of crankcase manufacture can be expected
to impose an optimum limit on engine power potential.

L. Supercharger Impeller

A conventional supercharger impeller in a U. S. reciprocating engine has
a splined steel bushing inserted in its hub. In the ASh-21 impeller the splines are
broached directly into the aluminum alloy hub section, precluding the machining
operations necessary to make and insert the bushing and complete the resultant
assenbly. It has been estimated that the domestic design would cost approximately
10% more to manufacture if the U. S. and Soviet equipment and labor used were -

comparable,

The critical vane side of the ASh-21 impeller was carefully finished,
indicating a high degree of functional quality for this part.

5. Exhaust Valve

The ASh-21 exhaust valve is dissimilar to any commonly used in American
reciprocating engines and its fabrication is significant., Briefly stated, the func-
tional quality of the exhaust valve appears to be excellent. Evidently, close
control was exercised over manufacture. The unusually large stem diameter facili-
tates machining, both internally (sodium cavity) and externally.
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SECTION VIII
WEIGRT AND BATANCE

A, DETERMINATION (F MEAN ARRODYNAMIC CHCRD AND WING AREA

T’—\‘ - -

\ ‘

—
3 }'5'
% N
S \? ,

e, bl
- (514"

. O P ’
S 75-8 -

AREA

= 100 + 31,5 x 181.5 = 8,87 sq ft/penel

8.87 x 2 = 165,7 sq £t total
MAC (Determined per Army ATSC Mamal No. 57-0-1 Section 1, Page 4)

=2(100+ 3.5 -100x
3 ggad

=2 (13,5 - 23.%
=% )

= 71.7" (Mean Aerodynemic Chord)
IRMAC = 72.5" (Leading Bdge of Mean Aerodynamic Chord)
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——

GROUP WEIGHT STATEMENT

BSTIMAYED=CALCULATED=ACTUAL
(Orgn_o Out Those Not: Applisuble)

Omtrast Ho, —— e e — —
Airplane, Govermment Noo ____ _  __ __ __ __ ___
Airplane, Camtraocter Koo ___ _. . . __ _
Bell® By _
Engine (Model) __Ash-22
Engine, Govermment oo — —— .

e GRS CimNER TR  CEETE S — AT S ———  S—— N —ESn TSCAD RS AR SESS) SE— ——— —  —— SRS S— —

TS U Mm . SRS MR Y SE— —— ——— —— ——  — —— —————  —— —— S—— A— —— —

TR TS G —— ——r  —— M. ew— —— —— ——— —— —— —————— A S  ——— —— —— —
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x“ tqu PNt STRUCTURE LANDPL ANE or SEAPLANE
\ WING GROUP 0%k
2 CENTER SECT 10N OR UPPER CENTER) -
3 INTERMEDIATE PANEL (OR UPPER QUTER) N
Y OUTKR PANEL {OR LOWER CENTER)
S Tirs {Or LOBER QUTER)
¢ AILERONS (COUNTER BAL ANGE BT, 108,)
] fLAPS
s R ATS
bj
¢ TAIL GROUP 135
" STABILIZER -) S
12 ELEVATOR {COUNTER RALANCE 8T, Les,) o
13 Fin s .
1Y RUDDER  (COUNTER BALANGCE 97, L8s.) S
15 '
16 BODY GROUP 1818 i !
" PUSELAGE OR GONDOLA - LESS ENG. SECTION
10 2008
L} WAL
20 - . 295.5
A WAIN LANDING QEAR ‘ 260
22 AURILIALY LANDING GEAR (NOSE OB TAIL WHEEL) 15.5
23 JUWPER {OWEEL OR $K|C)
2%
25 ALIGHITNG GEAR « WATER TYPE : - :
TR T . ;
n AUX 14,1 ARY_ALOATY )
2s RNGINE SECTION or NACELLE GROUP . 7
> B 1., [ A . S RS S ; . S
3 cENTER : .
st QUYER
2
53 BOWER PL/ NI GRQUP 2hi25.7
W ENGIME (AS INSYALLED) 935
35 _____ENGINE ACCESSORIER _ 127.1
¥ PONER PLANT CONTROLS .
0 PROPELLERS , 195 '7
» STARTING SYSTEM : 7.5 f
» — %
Mo ____cominG susrEn ; 271 |
M 27.Y !
L10u10
3] piring E1¢, 3
W Luonicating sreren - 0.3 |
M o Tams aw eorscrion 50,3 i !
174 LiRINg grC [ T i
WV _ _fun svaten 83,7 |
W TANKS AND PROTECT|ON 53,7 __ ;
» eiPING EIG, o
1
Se TOTALS - (T0 o€ SROUGHT FORBARD) 3287 1 ‘
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€00k NO,

ANDP\AHE or SEAPLANE

!

{411) ¢

INSTRUMENTS

SJURFACE CONTROLS

Paeumsatic

ELECTRICAL

—SOWIUNICAT NG

ARNANENT PROY|SIONS (INCLUDING QUNFIRE PROTECTION)

FURNISHINGS

PERSONNEL ACCOMMODAT |ONS

EMERGENCY ACCOMMODAY {ONS

PROVISIONS FOR FL QMY

AR CQNOITIONING QU JPMENT

AUKIL | ARY POBER ML ANT

AUXILLARY GEAR

e ANCHOR, TOWING & WQISTING GEAR

ARRESTING GEAR [NSTALLAT(ON

EMERGENCY FLOTATION GEAR

L4239 |

AERVICE PICKHP

TOTALS (Faom pagg 2,0)

e
3387,

WEIQHET EMPTY

S 1R 7. B—

URIT WEIGHTS

EING GROUP 083 AREA
TALL ehoyp [6ROSS AREA

U __ﬂﬂﬁ;;..uh.fiﬂ._iﬂ‘ﬂ.h- e

1

[lummjuuwn.mn_u il
wBEJGNT OF MAIN FLOATS AND BRAGING

I

SEIGHT OF COOLING SYSTEM PER NORMAL M,P, [

TE)GNT OF LUBRICATING STSTEY PER GAL, OfL CAP. [ .. . TGN DF ey

——— B . -

IL_O.F Fuft} oo

BE | 3HT OF ruﬁ_{, SYSTEW PER GAL, CAP, {

|
|

f
'.
|
l

et
l

DESIGN INFORMAI‘IOH

LENGTH - MAX,

WAX [ MuM Fy ughﬁ_ EPIH

HEIGHT ~ MAX,

MAX 1 MM FUSELATE MICTH

SPAN

THICKNESS ROGT CHORD

GROSS WEIGH! FOR STRESS ANMLYSIS

THICKNESS TP CHORD

DES|sh 5R233 48 Gail e

UING AREA ~ NET

LOAD FACTOR - ULTIVATE

TAPER RATIO ( T|P CHORD) o~
LENGTH ROOT CNORD TOTAL BULLEY PROOF GLASS  _  POUNDS |
LENGTH TIP CHORD TOTAL ARMOUR ™ ATH PCUNDS
REMARKS i
“PROVISIONS. FOR® CAN BE INTERPRETED AS FOLLO®S; |
Yo ALL PARTS ASSEMBLED TQ ONE BASIC WNJT FOR IHE SOLE PLRPOSE Qf PROOUGING A SUPELRI DR MOUNY EOR |

EQUIPMENT OR STRLCTURAL UNITS OF ANOTHER BASIC GROUP,

2. IF THE CONTRACTOR'S SYSTEN OF SE|3WMT GREAKDO®EN JHCLUDES 115 PROVISIONS WITH [HE BASIC SROLPS,

THEN WEIGHTS ORDINARILY ENTERED ON PAGES TITLED "INSTALLATION FROVIS{ONS FOR™ ARE NQT REQUIRED, .

SERVICE PICKnUP DOES NOT INCLUDE ENTRAPPED FUEL & OfL
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USEFUL LOAD

LOAD CONDITION . _ _ o L o o e e e 22w e

T LANDPL ANE

{srec.)

SEAPL ANE

| (spec,)

LANDPL ANE
{acTum )

SEAPLANE
{AcTUAL)

bocrew (w0, 2 . ).

400

PASBENCERS (NO. )

Ul - EneINE (359,5 1it) ( 94,98

A3,)

5699

SAL,)

FUEL = AUX|LIARY PORER M ANT {

.&..)

o - mmeins (37.5 1it ( 9.91

M s,)

The3

2
3
N
s FUB, ~ TRAPPED |M SYSTEM {
6
7
’

eAs,)

1%.0

9 O0I% = AUXILIARY POESR M ANT

AL S,)

oALS,)

10 0L -~ SUPERCHARGER

OIL = TRAPPED N SYSTEN {2
{
{
11 QjL, =~ kEDyCTION QEAR BoX

gALS,)

12 BAGEAGE

™ cango

M ARMARENT

" FINED QuNS {TOTAL)

0 10,7 mwm $A. GUN INSTALLATION
19 100 rds Ak Awun)Tiow

L7.3

37.1

o} CAL. GUN INSTALLATION

21 CAL. AMMUNIT{ON

22 W6, CANNONW INSTALL ATION

23 . M, AMMUNITION

% CUN_SIGHTS

23

27 FLEXIBLE GUNS (TOTAL)

» CAL, SUN lNSMLLA'_LQl__.J

29 CAL. AMMUMNITION

30 CAL, GUN INSTALLATION

s CAL, AMMUNITION

52 WM. CANNON INSTALLATION

) MM, ANMUN(TION

% BOME [MSTALLATION

39 TORPEDO INSYALLATJON

W2 EQUIPMENT

W3 NAYIGATION

Wy QXYGEN

32.3

" PHOTOGRAPH(C  Oun Camera

13.9

% PYROTECHNI CS

w7 WISCELLANEOUS (Oblique Camers

30,8

s¢ USEFUL LOAD

3.6

51 WEIGET EiPTY

3811

52 GROSS WEIGHT

5274.6
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WEIGHT AND BALANCE

ITEM WL, ARM MOMENT
Fuselage 751.k 102 76,6142,8
Wing T0L.1s 96 67,33h L
Vertical Stabilizer Assy. 81 298 2l,138
Horizontal Stabilizer Assy. 54 282 15,228
Landing Gear Main 260 7345 20, 580
Tail Gear ' 15,5 288 L, L6k
Engine Nacelle 78 30 2,340
Power Plant (Basic) 935 31.5 29,1152 5
Engine Accessories 127.1 51 6,350
Propeller Assy. 195 L.6 900
Starter 7.5 13 97.5
Cooling System 27.1 10 271
Iubrication System 50,3 81,6 L,103.5
Fuel System 83.7 106.83 8,939.5
Instruments 43.6 123.8 5,399
Surface Controls 8L.1 150, 7 12,674.8
Pneumatic System 75.6 91.7 6, ,933.1
Electrical System 8lLi.6 116.8 9,8 n
Commnications 63,2 180,0 12,278.7
Armament L1 76.6 3,170.5
Furnishings 26.5 122,1 3,234.3
Pilot 200 106.5 21,300
Co~pilot 200 137.6 27, 520
Fuel, Wing Tanks 548.5 105 57, 1592.5
Fuel, Center Sump Tank 211 122,1 2, Y612, 9
0il 7h.3 7he1 5,505.6
Berizina, 12,7mm machine gun h7.3 6l.5 3,050.9
Ammunition 100 rds. 37.1 6l.5 2,393
Sight 23 86.5 1,989.5
Bombs 220 88.5 19,470
Oxygen System 32,3 135.h 1,387.1
Gun Camera 13.9 81.3 1,130,1
Oblique Camera 30.8 173.7 5,350
0il Sump 31.5 L72.5

TOTAL 5,276 88.6 467,190



CONFIDENTIAL

ATIC Technical Report No, TR-AC-16
Fage No. 48

C. IOADING CONDITICNS

Max Gross Weight ,
(Tull fuel, T™wo pilots, Ammmition and 2-110# Bombs)
i Velght Am Moment
- 5,274.6 - ~ . 88,6 T 467,190
LEMAC = 72,5
MAC = T.17
16,1 = 22,56 of the MAC
- N
ational
i (o fuel, Two pilots, No smmmition and No bonbs)
Weizht Am Moment
526 467,190
Fuel . - 5485 - 51,592.5
b Amnmition _ ggg.l _ - 2.398
‘ Bombs - =190
| 4,469 86,76 387, T34.5
j LIMAC = 72.5
¥ MAC = TL.7
é

14,26 = 19.9% of the MAC

.7
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Max Gz"oss Weight
(Full fuel, Single pilot in the front cockpit, Ammmnition and 2-1104 Bombs)
Wei ght ‘ Arp Moment
sootlot s.gg.s | 467,190
o-pilo - -
5,074.6 86,64 5‘39,570
IRMAC = T2.5
MAC = TL.7 .
14,14 = 19,74 of the MAC
o7
(No fuel, Sinzle pilot in the front cockpit, No bombs, and No ammunition)
Weight T Arm Moment
,O7l, 6 - 429,670
Fuel 05 SES. - 39.5;2'5
Ammunition - 37,1 - 2,393
Bonbs - 220 . - lg. 10
Eo% . @4.33‘ 300,214,5
IRVAC = 72.5
MAC =T1.7

11,88 = 16,66 of the MAC
n.a
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Max Gafoss Weisht

(Full fuel, Two pilots, Ammmition and No-bombs)

Ve&, t Arm
5s271.6
~ Bomds - 220
5,054, 83,58
LEMAC = 72,5
MAC = T1.7
16,08 = 22,1 of the MAC
T
%mti.onal Emp I.
(No fuel, Two pilots, No ammmition and ¥o bombs)
Weight 4 Armm
.6
Yoe1 ‘?::
Ammmition -
» 86.76
IEMAC = 72,5
MAC = T1.7

14,26 = 19.9% of the MAG
T

CONFIDENTIAL
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467,190
- 19,470
71,720

Moment

447,720
- 55,592-5

337,73&.5'
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Mox Gross Welght
(Full fuel, Two pilots, Ammmnition and No bombs)
We@t Arm Moment
,274.6 u6 1
5,054.6 88.58 W{.m
LENAC = 72.5
MAC = TL.7
16,08 = 22,4% of the MAC
n.7
Operational Empty
(No fuel, Two pilots, No ammumnition and No boubs)
Weizht Arm Mament
5.223.6 W7,720
Fuel - 5 - 571,592.5
Ammanition - o1 - 2
L, 387,734.5
LEMAC = 72?
MAC 1.
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Fig. 13 Emergency Air Storage Bottle
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© Fig. 15 Pad Filter, Pneumatic System
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} Fig. 16 Pad Filter and Ground Filler
s ' Pneumatic System
f
!
¥
4
\
3
i
:
; .

a

~ . Fig. 18 Compressor, Pneumatic System
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Fig. 19 Landing Gear/Flap Selector Valve,
Pneumatic System

Fig. 20 Landing Gear/Flap Selector Valve,
Pneumatic System

e

Fig. 21 Pressure Relief Valve, Pneumatic System

CONFIDENTIAL




| CONFIDENTIAL

ATIC Technical Report No. TR-AC=-16
Page Ko, 59

'
\ EAR N
T ' Fig. 22 Landing Gear Assembly '
. T . " BELL CRANK

SIDE BRACE

ACTUATING CYLINDER
MOUNT.NGS

: Fig. 23 Landing Gear Strut

;
k
!
i
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Fig. 25 Flap Actuating Cylinder, Fig. 26 Mechanical Flap
Pneumatic System : Up Locks

CONFIDENTIAL




b

CONFIDENTIAL

ATIC Technical Report No. TR-AC-16
Page Ko. 61

Fig. 27 Brake Differential Valve, Fig. 28 Brake Differential Valve,
Pneumatic System Prneumatic System '

.

Fig. 29 Brake Bleed Valve, Pneumatic Sysfem
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Fig. 30 Brake Differential Valve, Pneumatic System
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Fig. 31 Froat Control
Stick

- Fig. 32 Top View of Rear
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Fig. 35 Emergency Brake Release
Valve Button
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.

Fig. 36 Wheel, Tire and Brake Drum Assembly -

]
|
]
‘

|
l

Fig. 37 Wheel and Tire Assembly
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Fig. 39 Wheel Brake
Assembly
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Fig. 41 Priming Pump, Fuel System
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Fig. 43 Generator
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Fig. 44 Inverter
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Fig. 45 Front Cockpit
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Fig. 46 Rear Cockpit
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Fig. 47 Location of Metals Samples .
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Fig. 48 L.ocation of Metals Samples
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Fig. 50 Location of Metals Samples
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Fig., 51 Location of Metals Samples

Fig. 52 Location of Metals Samples
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Fig. 53 Underside of Wing

Fig. 54 Empennage Attachment to the Fuselage
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Fig. 56 Right Side of Fuselage
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Fig. 58 Right Landing Gear
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TABLE I COMPARATIVE MECHANICAL PROPERTIES OF
AK6 AND U.S. ALUMINUM ALLOYS

) Tensile Yield .
Alloy and | Strength | Strength Elongation, "Brinell Hardness,

AK6 (-16){1+2) 65,000 | 56,000 16 124
AK6 (-16) (3 60,000 | 43,000 13 105
175 -4 4 62,000 | 40,000 22 ) 105
145 -16 (2) 70,000 | 60,000 13 135

(1) Values determined on maierial examined earlier (ASh-62 crankcase, midsection)

(2) T6 md1cates that the alloy is in the solution heat-treated and artifically aged
condition,

(3) Recorded data from the Soviet Mechanical Engmeermg Encyclopedic- Handbook,
Vol, 4, Moscow, 1947,

(4) T4 indicates solution heat treatment followed by aging at room temperature,
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TABLE IV ANALYSIS OF SELEC’
' OF A SOVIET YAK-11

Metal
Sample _ _ Chemical Composition (1)
‘Number Description C Mn Si Cr Ni Mo | Al ] Ti Cu ]
11 A Engine mount | 0.29{ 1,00 1.3 1.1 <0,2 <0.05 | 0.26
B Clevis 0.36f 0.93 1.30| 1,12} <0.2 <0,05 | 0.05 0.006 | 0.17] <0
12 A Belt 0.34] 1.00 0.9 1,0 <0.2 <0,05 0.14
B 0.35/0.97/1.00 1.24 | 0.96 | <0.2 <0.05 | 0,04 0.005 | 0.15 | <o,
13 A Nut 0.50} 0,58 0.27 | 0,14 | <0,2 <0.05 0.31
B 0.45| 0.52 0.24 | 0,15 | <0,2 <0,05 | 0.01 |<0,005 | 0,26 | <0,
est,
14 A Tube 1,36"0.DJ0.29 | 1,00 1.3 1.1 <0.2 <0, 05 0.26
0.98"0,DJ0.30 | 0.90 1.1 1.1 <0,2 <0.05 0.24
B 0.30 | 0.97 1.69 | 1,09 | «©0.2 <0.05 |0.02 [<0.005 |0.19 | <0,
est,
15 Right rear 0.32 l0.92/0.881.13 [1.03 | <0.2 <0.05 l0.01 [<0,005 }0.26 | <0.
fuselage wing
attachment
bracket
16 Boit retainer 0.20} 1,25 1.05 10.94 |<0.2 <0.05 |o0.01 <0,005 10.13 |«o0.
‘ est, | ‘
17 Tube, male '0.32} 0.88 1.13 1,03 |<0,2 <0,05 0,01 0.005 0.03 |<0.
- and female ‘
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Hardness
u.s. Rock-
_ Soviet Counter 4 well Mig, : .
B V |Designation| part Knoop C |[Method Metallurgical Structure
<0,03| 30XTIC forging Tempered Martensite
< 0‘.00]# <0.,03| 35XIC None ~ 32-34 Machined Trace of Ti{CN inclusion, balance sulfide,
' forging silicate, and alumina inclusions, Clean,
Tempered martensite with undissolved
carbides.
<0.03 | 35XIC Carbides and ferrite indicate that the
austenitizing temperature and/or time used
in heat treating was insufficient for complete
austenitization. Cd plated.
<0.001}<0,03 . 35XIC None - 35 - Trace of Ti(C)N inclusions, balance sulfide,
' ‘ complex silicate, and oxide inclusions.
Somewhat dirty., Tempered martensite with
undissolved carbides, Threads decarburized
Bolt Zn coated.
<0,03 50 Fine pearlite and ferrite, Cd plated.
<0,001}<0.03 | 45 AISI - 25 Clean, Ferrite and pearlite with some band-
1045 ing. Zn coated,
<0.03 | 30xI'c Tempered Martensite
<0.03 | 30xI'c Tempered Martensite
<0, 001 | <0.03 | 30XIC None - - - Undissolved carbides in temperea martensite.
‘ Clean, Few TiN inclusions, ’
<0. 001 [<0.03 | 30XI'C None ] 239 18 | Tu‘t;ing Very clean, Few sulfide inclusions. Ferrite
' with very fine pearlite to bainite, partially
spheroidized. Indications are that this
structure did not result from nearby weld.
<0.001 |<0.03 | 20XI'C None - 23,5 - Clean, mostly sulfide inclusions. Tempered
‘ martensite with undissolved carbides, Zn-
Al coated. '
<0.001 }«0.03 | 30xXI'C None - - - Ferrite with very fine pearlite to bainite,
partially spheroidized.
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TABLE IV (Cont'd)

(R

Metal
==mple . Chemical Composition (1)
umber Description C Mn Si Cr Ni Mo Al Ti Cu B v
18 Attachment 0.39 0.93/1.031.28| 0,98 | <0.2 | <0.05 0.02 | <0.005 {0.27]1<0.001}<0,0
bracket bolts for alum-
inum attachment
bracket
19 Nut 0.30 1.05 0,92 | 1.06 | <0,2 <0,05 0.02 | <0,005 }0.20)<0,001] <0.0
est,
154 Washer 0.35 0.58 0,30} 0.23 | <0.2 | <0,05 0.02 <0,005 | 0.30]<0.001] <0.0
est, :
21 Exhaust duct 6.20 0.51 0.23 ] 0.15 | <0.2 | <0.05 | 0,02 <0.005 |0.25}<0,001 | <0.0.
Stop flange est,
22 Terminal fitting | - 0.5 0.4 [14-16 | 8-10] <0.1 - 0.4 |o0.3 - -
23 Duct tubing - 0.5 0.4 |14-16 9-111} <0.1 - 0.4 0.3 - -
_ Engine Cowling
24 Skin - 0.5 0.4 |14-16 8-10} <0.1 - 0.4 0.3 - -
5 Doubler - 0.5 0.4 [14-16 | 9-11] <0.1 - 0.4 0.3 - -

W‘

1) All elements were determined spectrographically except carbon, which was analyzed
by wet-chemical methods or was estimated from the microstructure.
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Hardness
u.Ss Rocke
Soviet Counter« well Mig.
B v Designation | part Knoop C Method | Metallurgical Structure
—01] <0,03 35XTI'C None - 38 - Trace of Ti(C)N inclusions, few aluminum
- oxide inclusions, balance sulfides, Clean,

Tempered martensite with undissolved
carbides., Zn-Al coated.

05| <0.03 30XI'C None - " 22 - Same microstructure as the bolt above.
Zn coated.
0L| <0,03 35 AISI 260 21 - Ferrite and pearlite with some banding,
1035 Zn coated,
0L} <0.03| 20 © | AISI - - 1 - Low carbon, Ferrite and partially spheroidiz-
1020 ed pearlite., Banded structure; ¢lean,
- X18H9T AISI 321 - - - Austenitic, Coarse grained,
- X18HI9T AISI 321 - - - Austenitic. Fine grained,
- | X18H9T AISI 321 - - - Austenitic, Fine grained,

- | X18H9T - AISI 321 - - - Austenitic, Coarse grained,
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DEPARTMENT OF THE AIR FORCE
WASHINGTON, DC

23 June 2010

HAF/IMIO (MDR)
1000 Air Force Pentagon
Washington, DC 20330-1000

Bobby Sammons.
P.O. Box 1680
Cloudcroft, NM 88317-1680

Dear Mr. Sammons
Reference to your letter, undated (attachment 1) requesting a Mandatory

Declassification Review (MDR) for Defense Technical Information Center (DTIC)
documents:

“AD004521 ~AD005224
AD005736 AD005735
’AD006796 AD004876
AD005809 AD003234
~AD005808 AD004232

The review for the documents have been completed and the declassification has
been downgraded to UNCLASSIFIED and copies are attached for your information.

Address any questions concerning this review to the undersigned at (703) 692-
9979 and refer to our case number 07-MDR-076.
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2. 10 DTIC Documents
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